INTRODUCTION
============

The World Health Organization (WHO) categorized oral lichen planus (OLP) as a \"potentially malignant disorder\" with undetermined malignant transformation risk.^[@r1]^ Lichen planus (LP) has been defined as a chronic mucocutaneous inflammatory disorder in which oral mucosa is commonly involved. It is more prevalent in white and middle-aged female patients.^[@r2]^ Based on recent meta-analysis, its incidence is 1.27% in the general population.^[@r1]^

The clinical and histological characteristics of OLP have inadequate prognostic value for malignant transformation. Great controversies exist about premalignant nature of OLP that has been the subject of several studies.^[@r1],[@r3]^ One of the malignant transformation markers is cancer stem cells. They play significant role in initiation, development, recurrence, and metastasis of head and neck cancers.^[@r3]^ Cancer stem cells (CSCs) can be recognized and isolated from stem cells by the expression of characteristic markers.^[@r3]^

One of the proposed markers for the detection and isolation of CSCs in many types of cancers including head and neck cancers is aldehyde dehydrogenase (ALDH), which is a detoxifying enzyme that oxidizes intracellular aldehydes.^[@r4]^

Deficiency in ALDH detoxification affects the development of alcoholism, alcoholic liver diseases, and colorectal cancer.^[@r5]^ The reason is that acetaldehyde has straight mutagenic and carcinogenic effects and can interfere with DNA synthesis and repair. Therefore it can result in tumor development.^[@r5]^ It was shown that ALDH, as a CSC marker, increases in oral squamous cell carcinoma (OSCC) and oral dysplastic lesions.^[@r4]^ Xu *et al.*, in 2013, hypothesized that expression of ALDH1 may be deregulated in patients with OLP. They found that ALDH1 expression was significantly associated with OLP malignant transformation. In that study ALDH1 expression was assessed in tissue samples.^[@r3]^

In the past decade, the number of researches for finding rapid and less invasive diagnostic tests has increased exponentially, which led to new insights in saliva as a biological fluid for clinical diagnosis.^[@r6]^ Saliva contains many markers from blood via passive diffusion, active transport or extracellular ultra filtration.^[@r7]^ Salivary analysis has two important advantages, early detection of diseases and the possibility of monitoring the disease during treatments. Also, noninvasive collection method and patient comfort during the test are other advantages.^[@r8],[@r9]^ Human salivary ALDH is the body\'s first line of defense in the oral cavity, simultaneously with other enzymes, like glutathione S-transferases, and is known as the first barrier against toxic aldehydes in food or produced during lipid peroxidation.^[@r10]^

This study evaluates salivary ALDH1 as a cancer stem cell marker in OLP.

MATERIALS
=========

Subjects
--------

Thirty patients (6 men and 24 women) through convenience sampling from Oral Medicine Department and 30 healthy volunteers (4 men and 26 women), age and sex-matched, were recruited between October 2013 and February 2014.

Inclusion criteria consisted of patients with OLP that have been diagnosed clinically (presence of bilateral lesions and presence of reticular lesions elsewhere in the oral cavity) and histologically (based on the WHO modified criteria). ^[@r11]^

As non-reticular forms of OLP have higher incidence of malignant transformations, the subjects in the case group were divided into reticular and non-reticular forms. ^[@r12]^ Subjects with smoking habit and alcohol consumption were excluded in both groups.

Written informed consent was obtained from the patients and the study protocol was approved by the Medical Sciences Ethics committee (22964-69-02-92), which complies with the Declaration of Helsinki.

Saliva collection
-----------------

The human saliva mixture varies with time because of various processes of saliva stimulation and other factors, so we have assessed unstimulated salivary samples collected at 10-12 AM and at least 2h after the last intake of food or drink.^[@r10]^

Without any chewing movements, unstimulated saliva was obtained by expectoration, while they were in relaxed position. Saliva samples were collected in a dry plastic tube. Samples were centrifuged (2400g in 10 min) and stored in plastic micro-tubes at -20º C until further analysis.

Measurement of salivary ALDH
----------------------------

Enzyme-linked immunosorbent assay was applied to measure the saliva concentrations of ALDH1, using enzyme-linked immunosorbent assay kits from Diagnostics Biochem Canada, Inc. (Ontario, Canada). Determination of ALDH1 levels was carried out according to the manufacturers\' instructions.

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS version 16 software. Data were expressed as mean ± standard deviation (SD). For comparing the sex between groups, the chi-square test was used. The ANOVA test was used to determine the statistical significance of unstimulated whole saliva ALDH1 in patients and control groups, with significance defined as P\<0.05. For multiple comparisons, Tukey\'s post hoc test was applied.

RESULTS
-------

There were not any significant differences in age (P = 0.469) and sex (P = 0.176) between OLP and control groups. There were 24 women (80%) and 6 men (20%) in the OLP group and 26 women (86.7%) and 4 men (13.3%) in the control group. The mean age for the OLP group was 42.07±12.88 (27-66) years and 37±7.91 (26-51) years for the control group.

The clinical characteristics of OLP group are summarized in [table 1](#t1){ref-type="table"}. In the non-reticular group 17 (80.95%) patients had erosive lesion and 4 (19.05%) patients had ulcerative lesion. The mean ALDH1 levels for the reticular, non-reticular and control group was 4.16±2.29, 6.32±2.23 and 6.62±2.21, respectively. The differences between ALDH1 levels in the OLP group compare with the control group were not significant (P = 0.237). ALDH1 in the non-reticular OLP group was significantly higher than ALDH1 in the reticular group (P = 0.019) ([Figure 1](#f1){ref-type="fig"}).

###### 

Oral lichen planus Group

                              Numbers    Sex Prevalence       Mean Age (Range)
  --------------------------- ---------- -------------------- --------------------
  **Reticular**               9 (30%)    9 (100%) Female      42.89 (27-62) year
  **Non-reticular**           21 (70%)   15 (71.43%) Female   41.71 (27-66) year
  **(Erosive/ Ulcerative)**              6 (28.57%) Male       

Figure 1Graph of salivary aldehyde dehydrogenase 1 by oral lichen planus subtypes

DISCUSSION
==========

Salivary ALDH1 was increased significantly in erosive and ulcerative OLP compared with the reticular ones in this study. These results may suggest ALDH1 as a prognostic marker in OLP.

Saliva, an ultra-filtrate of plasma, is a simple, non-invasive, efficient and cost-effective diagnostic and screening procedure. Saliva is composed of a complex mixture of secretory substances (organic and inorganic) from the salivary glands and other products resulted from the blood-derived compounds, oropharynx, upper airway, gastrointestinal reflux, gingival sulcus fluid and food deposits. ^[@r13],[@r14]^ Therefore we assessed ALDH1 in unstimulated saliva. Passive collection (unstimulated saliva) is the most suggested method, because most analytics may be quantified without any changes in the conventional quantification methods.^[@r6]^

OLP may persist many years and manifests as periods of regression and exacerbation with changes in shape, aspect and size. OLP can disappear provisionally with treatment, but their spontaneous remission is uncommon.^[@r2],[@r15]^ Accordingly OLP is a long protracted chronic disease with a dynamic progression.^[@r15]^ The oral lesion, which is the most persistent one, may appear along with cutaneous and genital lesions or manifests solely.^[@r1]^

The certain etiology of the OLP is unknown, but evidences suggest the immunological process activated by an antigen that induces changes in the basal keratinocytes of the oral mucosa making them predisposed to cell immune reactions. It causes the activation of CD4+ T and CD8+ T lymphocytes and the release of cytokines, like interleukin-2 (IL-2), interferon gamma (IFN-γ) and tumor necrosis factor (TNF), which lead to the keratinocytes apoptosis. 2

Estimates of the malignant transformation of OLP to oral squamous cell carcinoma (OSCC) ranged from 1-2%. ^[@r1]^ The cause of underestimated incidence or discrepancies in malignant transformation may arise from different OLP diagnostic criteria, inadequate knowledge of the post-lichen phase, poor distinguish from other keratotic and atrophic lesions, misdiagnosis of early dysplastic changes, lack of other risk factors of malignant transformation considerations (e.g., smoker), and not enough follow-ups in prospective studies.[@r15]

The mechanism of malignant transformation in OLP is not defined. The current theory is that signals from chronic stimulation of inflammatory and stromal cells results in the imbalanced growth control of epithelial cells and along with oxidative stress, from oxidative and nitrative products, it stimulates DNA damage, which results in neoplastic events. In recent studies, OLP has been suggested to be an ideal model of inflammation induced carcinogenesis. ^[@r1],[@r12]^

Previous studies showed that OLP lesions other than the reticular type, which consist of the atrophic, ulcerated and erosive types of OLP, show greater incidence of malignant transformation.^[@r12]^ Therefore in this study we have divided OLP into reticular and non-reticular groups.

Oral cavity cancer is one of the 10 most frequently diagnosed cancers.^[@r16]^ Overall prognosis of oral squamous cell carcinomas is poor, with a low 5-year survival rate caused by cervical lymph node metastasis, recurrence and the absence of curative systemic therapies.^[@r4]^ These facts emphasize the importance of finding new markers for early detection of OSCC.

Previous analysis revealed that the ALDH1 expression was significantly correlated with increased risk of transformation.^[@r17]^ This finding is consistent with our result because in erosive and ulcerative forms of OLP, which have an increased risk of transformation, salivary ALDH1 was over expressed.

High ALDH activity has been suggested as a common marker for both normal and cancer stem cells. This high stem cell ALDH activity has been associated to the ALDH1A1 isozyme.^[@r18]^ This can explain why the measures between the OLP group and the controls are not statistically significant. The differences between normal cell ALDH and OLP cell ALDH may be illustrated by analyzing different isoforms of ALDH in future studies.

Aldehyde dehydrogenase (ALDH) enzymes have a critical role in the metabolism of numerous molecules, and in the detoxification of external and internal materials, e. g., alcohol and toxins. ^[@r16]^ Its other functions consist of ester hydrolysis, devoting as binding proteins for various molecules, function in retinoic acid (RA) cell signaling and potentially salivary isoforms, perform as antioxidants by production of NAD(P)H, scavenging hydroxyl radical and absorption of ultra violet light.^[@r19]^

Oxidative stress may lead to carcinogenesis due to the imbalance between the productions of reactive oxygen species (ROS) and reactive nitrogen species (RNS) and the antioxidant protection system. Increased oxidative stress and increased lipid peroxidation were observed in patients with lichen planus, especially erosive forms, which in OLP can be one of the oral cancer risk factors. ^[@r20]-[@r22]^ Aldehyde elimination is a part of the protective mechanism against oxidative stress, because active oxygen species produce aldehyde during lipid peroxidation.^[@r10]^ ALDHs decrease oxidative stress that is caused by aldehydes.^[@r18]^ Therefore higher salivary ALDH level in non-reticular OLP can be a defensive mechanism against higher oxidative stress in these groups.

IL-1, IL-6 and TNF-α are associated with the development of oral neoplasms and they are increased in inflammatory lesions such as OLP.^[@r20],[@r23]^ In recent study, it has been suggested that inflammatory lesions with production of these interleukins have a higher ALDH activity in saliva.^[@r20]^ Our findings are consistent with the results of all these studies, whereas erosive OLP with higher inflammation and cytokine production has an increased ALDH activity in saliva.

There have been some concerns about using saliva as a diagnostic fluid due to salivary low concentration of analytes in comparison to blood. But this is no longer a limitation because of the advent of highly sensitive molecular methods.^[@r7]^ It is predictable that sensitive and specific salivary diagnostic tools with defined instructions will make salivary diagnostics practical in the near future. ^[@r7]^

CSC such as ALDH may be a prognostic indicator for premalignant lesions. Identifying CSCs in patients and quantifying their prevalence could be used to determine the relative risk of malignant transformation in OLP.

CONCLUSIONS
===========

In this study ALDH1 was significantly increased in the non-reticular group. It was known that ALDH is over-expressed in OSCC and growing evidence suggests that ALDH activity is a universal CSC marker.^[@r4],[@r19]^ Based on our findings and previous studies that indicated that \"ALDH1 overexpression in oral leukoplakia and erythroplakia may be a predictor for transformation and tumorigenicity of OSCC\", we conclude that ALDH may be one of the malignant transformation markers in OLP.^[@r3]^ Indeed, further studies are needed in various malignant and premalignant lesions for introducing ALDH as a prognostic indicator in certain lesions.

It is recommended that follow-up of patients with dysplastic OLP should be regularly performed every two to three months.^[@r12]^ Based on this study, patients with dysplastic OLP who have increased level of salivary ALDH should be seen more frequently.
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